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Phylogeography: virus migration/mutation
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The tools of phylogeography
Databases, such as GenBank, are used to track viruses spread:

genetic sequence

+

collection data (host, time, place)

Problem: only 20% of geographic location names (toponyms) in 
GenBank are precise enough for phylogeography
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This study: resolve toponyms mentioned 
in publications using other knowledge 



bmi.asu.edubmi.asu.edu

Toponym resolution
Assign unique coordinates to mentions of geographic locations 
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Detection methods
Dictionary-based approach: find exact match with a lexicon
◦ GeoNames contains >10 millions names, broad coverage

Rules-based approach (manually defined)
◦ {Not a word from stop list -“Although”-}

◦ {if it is a Noun Phrase and starts with a capitalized letter and is 
preceded by “in”}
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Disambiguation
Use lexical context: 
◦“It was sampledin Paris, Ontario.”

Use physical properties:
◦ Population heuristic: choose most populated places
◦ Distance heuristic:    choose candidates within smallest possible 

geographic area

What we are proposing: add metadata (and other knowledge)
◦ tables in document, metadata (various fields in linked records of 

GenBank -country, strain-)
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Gold standard
60 Pubmed articles (500,000 Tokens)

5730 GenBank records linked to the articles

99.9% contain geospatial information 

BUT

74.5% are not precise enough for Phylogeography
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Annotation
1881 toponym occurences annotated and disambiguated with 
GeoNames coordinates
◦ 19 ambiguous candidates per toponym, on average

◦ 676 ambiguous candidates for San Jose

◦ 16 random articles annotated by 2 annotators

Detection inter-annotator agreement: 97P 98R

Disambiguation inter-annotator agreement: 96P 98R
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Results
Precision Recall F-Measure

Detection only .60 .90 .72

Disambiguation only

Population .75 1.0 .86

Distance .62 1.0 .77

Knowledge .89 1.0 .94

Detection + disambiguation

Population .49 .89 .63

Distance .41 .87 .56

Knowledge .55 .90 .68
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Summary of contributions
Creation of a Gold Standard for toponym resolution in 
Phylogeographical articles

http://diego.asu.edu/Download

Evaluation of a new model for toponym resolution utilizing 
alternative knowledge sources (GenBank Metadata)

Outperformed common heuristics such as population or distance 
heuristics
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Ongoing Work
Address the limited performance due to toponym detection (in 
progress)

Metadata will be used to find sentences with toponyms, then train a 
machine learning system

Completing the full cycle: enriching specific locations in GenBank
records using all available knowledge sources (submitted)

Quantitative validation of the contribution of more precise locations 
to phylogeography models (in progress)
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Thank you!
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